Background: This analysis of patients in a randomized population-based health services study was done to determine the effects of faecal occult blood test (FOBT) screening of colorectal cancer (CRC) in outcomes beyond mortality, and to obtain explanations for potential sex differences in screening effectiveness. Conclusion: Biennial FOBT screening seems to be effective in terms of improving several different outcomes in men, but not in women. Differences in incidence, symptoms and tumour location may explain the differences in screening efficacy between sexes.
Introduction
Colorectal cancer (CRC) is the third most common cancer in the world, with 1⋅4 million new cases diagnosed annually and 0⋅7 million deaths attributed to the disease 1 . Key factors that improve the prognosis are early diagnosis and complete radical tumour resection. However, CRC is often asymptomatic in its early stages, and is not diagnosed until symptoms manifest at a later stage 2 . Several screening methods have been implemented to detect CRC at early stages. These include faecal occult blood testing (FOBT), endoscopy (flexible sigmoidoscopy or colonoscopy), CT colonography, and combinations thereof 3 . Three population-based prospective randomized controlled studies 4 -6 and one volunteer-based trial 7 found that colorectal tumours can be detected at an earlier stage and mortality from CRC reduced with biennial FOBT screening. Biennial FOBT screening reduces CRC mortality by 18 per cent on average 8 . Sigmoidoscopy as a screening method has been found to be more effective than FOBT in reducing CRC mortality 9 , but carries a small but significant risk (0⋅08 per cent) of major complications owing to its invasiveness 10 . Data regarding colonoscopy as a population-based screening method are still lacking, and results of ongoing trials are pending.
In Finland, a prospective randomized population-based health services programme on CRC screening was implemented in 2004 11 , with the primary aim of determining whether CRC screening by biennial FOBT in a population-based programme reduces CRC-specific mortality. The target population was 60-69-year-old men and women, and the study expanded gradually as more regions implemented the programme. By the end of 2011, it covered 41⋅8 per cent of men and 40⋅6 per cent of women among all 60-69-year-old individuals living in Finland. The target age limits were chosen based on an earlier study 11 showing that the incidence of CRC and mortality from the disease increase notably in Finland after the age of 60 years. Over 80 per cent of new cases were diagnosed and more than 85 per cent of CRC deaths occurred in people aged over 60 years 11 .
The design of the randomized public health programme and initial mortality results were published recently 12 .
In contrast with randomized screening trials 4, 5, 7 , no significant difference in CRC-specific mortality between the screening and control arms was found 12 . However, CRC mortality was reduced in men in the screening arm compared with controls, and was increased in women, although the difference between the sexes was not statistically significant 12 . Interestingly, other trials 13, 14 have reported a greater reduction in CRC mortality in men undergoing biennial FOBT compared with women, whereas another 15 reported no sex-based difference. It remains unclear why men appear to benefit more than women from CRC screening.
The effects of FOBT CRC screening on many important but non-vital outcomes remain largely unexplored. These include radical surgery, emergency surgery, and the need for chemotherapy and a stoma, which are of paramount interest to healthcare providers and patients alike. The main aims of the present study were to explore reasons for the potential sex difference in FOBT screening effectiveness and to evaluate the effects of screening on non-vital outcomes. The design and details of the randomized public health programme have been reported previously 11 . Briefly, the screening population consisted of 60-69-year-old individuals living in municipalities participating in the organized CRC screening programme. Data from individuals invited to participate were retrieved from the Central Population Registry, and the population was randomized 1 : 1 into the screening or control arm stratified by birth year, sex and residence. The randomized programme commenced in If there was any blood in the stool, the person was referred for a full colonoscopy. The screening letter also contained advice to seek medical attention if any symptoms were present. All individuals in the screening group were reinvited every second year until they reached 69 years of age. The control population was not contacted at all. The present study included patients diagnosed with CRC between the time of randomization and the end of 2011 in both the screening and control groups. Patients diagnosed with CRC from both study arms were identified from the Finnish Cancer Registry. The registry collects population-based data on patients with cancer in Finland with high coverage (97⋅4 per cent) for CRCs 16 . Patients randomized to the screening arm were included in this group for the analyses regardless of active participation, because all individuals in the screening arm were sent the letter and FOBT test. Patients were also included in their study arms regardless of whether the tumour was found by screening or in spite of it (symptomatic patient undergoing colonoscopy even though the FOBT was negative).
Methods
Hospitals treating the patients with CRC were identified, and copies of patients' medical records were requested. The following data were extracted manually: clinical and pathological UICC TNM stage (7th edition) 17 ; symptoms; extent of surgery; need for emergency surgery, stoma, or chemotherapy; and histopathological diagnoses. Radical surgery was defined as complete tumour removal with tumour-free margins of more than 1 mm after the Values in parentheses are percentage of people with colorectal cancer, except *percentage of people randomized and †95 per cent confidence intervals. RR, risk ratio. ‡Binomial regression with log-link function, except §difference in medians analysed by quantile regression; adjusted for ¶sex and #study arm. **Significant at 5 per cent false discovery rate based on Benjamini-Hochberg criterion.
primary surgery. Emergency surgery was defined as a colorectal operation during an emergency admission. Stomas included both loop and end stomas as well as permanent or temporary stomas. Chemotherapy included both adjuvant therapy administered after curative surgery and therapy administered for metastatic CRC. Dates of death were collected from the Central Population Registry until the end of 2015. This observational analysis was planned after the original trial had been completed.
Statistical analysis
Sex differences in incidence, histology, treatments, symptoms and laterality were estimated by risk ratios (RRs) using log-link binomial regression, and in median age at diagnosis using quantile regression. These sex differences were adjusted for study arm. Study arm differences in non-vital outcomes were also estimated using RRs for all patients, by sex, and by both sex and tumour laterality (right-sided versus left-sided). Overall study arm differences in non-vital Table 2 Differences between randomization arms in T, N, and M categories by both laterality and sex, by laterality and overall (26) 9 (13) 20 (23) 10 (14) 140 ( 
Values in parentheses are percentages unless indicated otherwise; *values in parentheses are 95 per cent confidence intervals. †Risk ratio (RR) estimated separately by sex and laterality for each stage category. ‡RR adjusted for sex and estimated separately by laterality for each stage category. §RR adjusted for sex and laterality, and estimated separately for each stage category response. A RR above 1 indicates a greater prevalence of the higher T, N or M category in control versus screening group. outcomes were estimated with adjustment for T category (T0-2 or T3-4).
Differences between the sexes in variables described above were also estimated separately by study arm. Prevalence differences between study arms were estimated with regard to histology, symptoms, laterality and TNM categories. TNM category analysis was also stratified by sex, and both sex and laterality. These estimates were adjusted for sex, laterality, or both where they were not stratified by these variables. Simple proportions of tumour locations were computed by sex and study arm. Stratifying by both sex and laterality, survival was estimated for the study arms using the Kaplan-Meier method, and differences in patient survival between the study arms were estimated by means of hazard ratios (HRs) derived using Cox regression. Follow-up commenced at the time of diagnosis of CRC and ended upon death, emigration or on 31 December 2015, whichever was earliest.
Confidence intervals were estimated for all RRs and HRs at the 95 per cent confidence level. No estimate was adjusted for age because age adjustment had no effect. P values were estimated using two-sided tests for the main results, unstratified sex differences and all study arm differences in non-vital outcomes. In addition, multiple 
Results
Between 2004 and 2011, 321 311 people were randomized into the screening or control arm. Owing to a delay between population sampling from the Central Population Registry and randomization, patients who had died before the randomization date (43 in the screening arm and 41 in the control arm) were excluded from the analyses. Thus, there were 160 719 and 160 508 individuals in the screening and control arms respectively (Fig. 1) . The screening participation rate (individuals who returned the FOBT) was 69⋅2 per cent (men, 61⋅9 per cent; women, 76⋅3 per cent), and the proportion of positive FOBT results was 2⋅7 per cent in women and 4⋅7 per cent in men. The compliance rate for further colonoscopy was 84⋅6 per cent (proportion of people with a positive FOBT who actually underwent colonoscopy).
A total of 743 and 617 CRCs were detected in the screening and control arms respectively between 2004 and the end of 2011. Women were less often diagnosed with CRC than men: prevalence 0⋅37 versus 0⋅55 per cent respectively in the screening arm and 0⋅32 versus 0⋅45 per cent in the control arm (RR 0⋅82, 95 per cent c.i. 0⋅74 to 0⋅91; BH+). Women had more mucinous subtype adenocarcinomas than men: 60 (11⋅0 per cent) versus 51 (6⋅5 per cent) (RR 1⋅70, 1⋅19 to 2⋅43; BH+). Tumours were more often located on the right side in women than in men (RR 1⋅51, 1⋅26 to 1⋅80; BH+). The proportion of right-and left-sided tumours did not differ between the study arms (RR 1⋅05, 0⋅88 to 1⋅25) ( Fig. 2 and Table 1 ).
Symptoms
Almost none of the patients in the control arm were asymptomatic. There were 247 asymptomatic patients (33⋅6 per cent) in the screening arm and only 20 (3⋅3 per cent) in the control arm (RR 0⋅10, 95 per cent c.i. 0⋅06 to 0⋅15) ( Table 1) . Women were less often asymptomatic than men (RR 0⋅76, 0⋅61 to 0⋅93; BH+) but, of individual symptoms, only the prevalence of abdominal pain was significantly different between the sexes (RR 1⋅36, 1⋅12 to 1⋅67; BH+). The most common symptom in both study arms was intestinal bleeding (32⋅4 per cent) followed by a change in bowel habit (29⋅6 per cent), abdominal pain (21⋅9 per cent) and anaemia (16⋅6 per cent).
TNM stage
Cancers from the screening arm had a lower T category (RR 1⋅25, 95 per cent c.i. 1⋅16 to 1⋅35), N category (RR 1⋅14, 1⋅00 to 1⋅29) and M category (RR 1⋅33, 1⋅08 to 1⋅62) than those from the control arm ( Table 2) . In subgroup analyses, left-sided tumours in the screening arm had a lower T category (RR 1⋅30, 1⋅18 to 1⋅43), N category (RR 1⋅16, 1⋅00 to 1⋅35) and M category (RR 1⋅53, 1⋅19 to 1⋅97) than those in the control arm, whereas right-sided tumours had only a lower T category (RR 1⋅14, 1⋅02 to 1⋅28), but not N or M category in the screening arm. In women, the only differences between study arms were in the T and M categories of left-sided tumours. However, men with left-sided tumours had higher T, N and M categories in the control arm, whereas men with right-sided tumours had only a higher T category in control arm.
Non-vital outcomes
Patients with CRC in the control arm experienced significantly more non-radical surgery (26⋅8 versus 19⋅2 per cent; RR 1⋅39, 95 per cent c.i. 1⋅14 to 1⋅70; BH+), emergency surgery (14⋅1 versus 9⋅3 per cent; RR 1⋅51, 1⋅11 to 2⋅06; BH+) and administration of postoperative chemotherapy (62⋅8 versus 52⋅1 per cent; RR 1⋅20, 1⋅09 to 1⋅32; BH+) than those in the screening arm (Fig. 3) . Controls also had more stomas, but this was not significant according to the Benjamini-Hochberg criterion (32⋅8 versus 27⋅3 per cent; RR 1⋅21, 1⋅02 to 1⋅43). After adjustment for T category (T0-2 versus T3-4), no significant differences were found in the rates of non-radical surgery (RR 1⋅13, 0⋅91 to 1⋅41), emergency surgery (RR 1⋅17, 0⋅85 to 1⋅61), postoperative chemotherapy (RR 0⋅99, 0⋅92 to 1⋅08) or stomas (RR 1⋅17, 0⋅98 to 1⋅39). In separate analyses of men and women, a statistically significant improvement in these non-vital outcomes was observed only in men.
Further subgroup analyses of left-and right-sided tumours indicated that the findings were restricted mainly to left-sided cancers. An exception was observed in men with right-sided tumours, who had emergency surgery significantly more often in the control arm compared with the screening arm (33 versus 15 per cent; RR 2⋅15, 1⋅20 to 4⋅07; BH+). Significantly more men with left-sided tumours in the control group than the screening group underwent non-radical surgery (26⋅2 versus 15⋅7 per cent; RR 1⋅67, 1⋅22 to 2⋅30; BH+) and postoperative chemotherapy (61⋅6 versus 48⋅2 per cent; RR 1⋅28, 1⋅10 to 1⋅48; BH+), and the stoma rate was increased but not significantly according to the Benjamini-Hochberg criterion (45⋅4 versus 36⋅1 per cent; RR 1⋅26, 1⋅04 to 1⋅53).
Survival
Survival was worse in controls than in the screening arm in men with CRC (hazard ratio (HR) 1⋅31, 95 per cent c.i. 1⋅05 to 1⋅64), but not in women (HR 1⋅07, 0⋅80 to 1⋅45). Among men, the 5-year overall survival (OS) rates were 68⋅8 versus 61⋅5 per cent in the screening versus control arms respectively, compared with 70⋅7 versus 71⋅5 per cent in women. Among men with left-sided tumours, survival was better in the screening arm than the control arm (HR 1⋅37, 1⋅06 to 1⋅77), but not in men with right-sided tumours (HR 1⋅19, 0⋅75 to 1⋅89) (Fig. 4a,b) . Five-year OS rates in men with left-sided tumours were 70⋅0 per cent in the screening arm versus 62⋅1 per cent in the control arm; respective rates in men with right-sided tumours were 65 versus 59 per cent. In women, survival was similar in the screening and control arms regardless of whether the tumour was located on the right side (5-year OS rate 66 versus 67 per cent respectively; HR 1⋅19, 0⋅73 to 1⋅92) or left side (72⋅8 versus 74⋅9 per cent; HR 0⋅96, 0⋅65 to 1⋅41) (Fig. 4c,d) . Interestingly, the 5-year OS rate in women both in the screening and control arms was similar to that of men in the screening arm (70⋅7, 71⋅5 and 68⋅8 per cent respectively).
Discussion
These data on biennial FOBT screening are based on the largest population-based randomized health services study, covering over 40 per cent of 60-69-year-old people living in Finland. The analysis revealed several important findings. There were substantial sex differences in laterality, histology and symptoms. Improvements in non-vital outcomes were observed in the screening group, but primarily in men with left-sided CRC. Additional analyses showed that men with left-sided tumours gained benefits from the screening in terms of lower TNM stage and better survival.
There are several possible explanations for the observed discrepancy according to sex. Colorectal tumours in women were more often located on the right side of the colon, as has been reported previously 18 -20 . Longer passage of faecal blood may lower the sensitivity of the test and produce a false-negative result; this is supported by the fact that, although screening uptake was higher in women (76⋅3 versus 61⋅9 per cent), positive results were less frequent than in men (2⋅7 versus 4⋅7 per cent). The finding that FOBT screening seemed ineffective in women could be related to the fact that women had more right-sided tumours and that screening with FOBT can be ineffective in detecting early right-sided colonic cancers in either sex. In addition, more women in the screening arm were symptomatic (abdominal pain), indicating that they might be more sensitive to the symptoms of CRC. Men who may not experience symptoms or who ignore them might benefit more from screening. It is interesting to note that even the higher participation rates in women did not translate into beneficial outcomes, further supporting the notion that FOBT screening is ineffective in women. It was also found that screening benefits men with left-sided CRC across all TNM categories, but among women with left-sided tumours only the T and M categories were lower in the screening group versus controls. This could indicate a difference in the biology of tumour dissemination between men and women. The improvements in survival and non-vital outcomes in men with left-sided tumours are most likely due to lower TNM stage in this subgroup. This is supported by the finding that the observed differences disappeared when outcomes were adjusted for T category. Fewer CRCs were detected in women in both study arms, which may be attributed to the fact that the incidence increases with age 21 and this increase has been reported to occur later in women 22 . Although the set age range for screening (60-69 years) appears to be sufficient for substantial improvements for men, women might benefit from screening at an older age.
The strength of this study is its findings regarding parameters that were not investigated in earlier FOBT screening trials 4 -7 . In addition to survival benefits, it is important to know the influence of screening on other important measures, such as stomas, which are associated with reduced quality of life 23 and commonly cause complications (21-70 per cent) 24 . These were reduced in the screening arm in men, although the reduction was not statistically significant according to the Benjamini-Hochberg criterion. From the point of view of healthcare expenditure, it is also crucial to determine the proportion of emergency surgery and the need for postoperative chemotherapy, as both increase costs and potentially influence patients' quality of life. Non-radical and emergency surgery was rarer in the screening arm than in the control arm among men. Another retrospective study 25 comparing two cohorts from different eras found a similar reduction in emergency surgery in patients undergoing CRC screening. In addition to increased costs, emergency resections have a negative impact on survival compared with elective resections 26, 27 .
The largest randomized FOBT trials were half the size of the present randomized health services study on CRC screening (Nottingham trial, 152 850 individuals; Göte-borg trial, 68 308; Funen trial, 61 933; Minnesota trial, 46 551) 4 -7 . A meta-analysis 8 that included the latest data from these trials estimated the reduction in CRC-specific mortality to be 18 per cent, but no reduction in overall mortality was found in an intention-to-treat analysis. The Nottingham trial 15 reported CRC mortality ratios for men and women separately and, in contrast to the present authors' previous finding 12 , there was no difference between men and women (RR for screening versus control arm 0⋅90 in women and 0⋅91 in men). However, the Minnesota trial 13 reported that the reduction in CRC mortality was larger for men than for women.
Tumour location appeared to be the most likely explanation for the sex disparity observed in the present study. Only men with left-sided tumours had improved survival and lower TNM categories in the screening arm compared with the control arm. The Nottingham trial 15 reported similar RRs for screened versus control populations for CRC mortality in the proximal (to the sigmoid colon) and distal colorectum (RR 0⋅93 and 0⋅89 respectively), but both sexes were analysed together. The Funen trial 28 revealed that FOBT screening tended to reduce mortality rates among patients with proximal compared with distal tumours, but the difference was not significant (P = 0⋅13). Although most CRCs are left-sided, the present results suggest that FOBT is ineffective for screening right-sided tumours.
In addition to the guaiac FOBT used here and in other trials, the faecal immunochemical test (FIT) has also been used for CRC screening. FIT has a high specificity, but randomized screening trials of its effectiveness are lacking 29 . Therefore, it is not yet possible to compare fully the effectiveness of FOBT and FIT as a screening method. Flexible sigmoidoscopy has been shown to reduce CRC mortality by 21 per cent, on average, in randomized screening trials 9 . Colonoscopy is recommended if polyps are discovered during sigmoidoscopy in such trials. Thus, patients with positive sigmoidoscopy findings will require a second bowel preparation and two appointments, compared with one for patients with a positive FOBT. In theory, the screening method that should improve the outcomes of patients with right-sided CRC is colonoscopy; however, this procedure is invasive, more expensive, requires more healthcare resources and might attract fewer participants than FOBT. CT colonography might be more favourable in this regard, but has other specific disadvantages (such as radiation exposure), and its efficacy as a screening method has not yet been investigated 30 . Although randomized trials of colonoscopy for screening are ongoing, no results have been published to date. As the results of the Finnish randomized programme using FOBT as the primary test did not find a difference between arms in CRC-specific or overall mortality 12 , CRC screening was stopped in Finland in 2014. Currently, implementation of more individualized screening programmes is under consideration.
This study has several limitations. Some of the screen-detected cancers may have been overdiagnosed, although it is likely that the proportion of overdiagnoses is low. In the Minnesota trial 31 , only 6-9 per cent of screen-detected cases were estimated to be overdiagnoses. In the Nottingham trial 32 , little evidence was found in support of an overdiagnosis bias. The present data suggest that roughly 30 per cent of cancers were screen-detected in the screening arm (difference between proportions of asymptomatic cases in the study arms, 33⋅6 -3⋅3 = 30⋅3 per cent). Even if 10 per cent of screen-detected cases were overdiagnosed, this would still represent only 3 per cent of all cases in the screening arm. Therefore, any bias from overdiagnosis is likely to be small. Furthermore, estimates for sex differences were adjusted for study arm, which further reduces such bias.
Survival analyses are also affected by lead time bias, the magnitude of which remains unclear. However, as survival did not improve significantly in women, even with bias owing to overdiagnosis and lead time, it is even clearer that FOBT screening is not beneficial in women. Furthermore, the present study was a retrospective cross-sectional analysis of patients diagnosed with CRC within the population based on a randomized health services study, where the diagnostic and treatment strategies in different hospitals were not standardized. On the other hand, the study design was pragmatic, and is thus more likely to represent real-life clinical care scenarios.
Even though over 320 000 people were randomized and more than 1300 patients with CRC were analysed, subgroup analyses might have suffered from lack of statistical power. Many of the effects in women were in the same direction as those in men, but remained statistically non-significant. Should there be any significant effect if larger groups were analysed, the clinical relevance would still be minor. This is also reflected in the survival curves, which are identical in the screening and control arms in women. Survival improvements occurring contemporaneously with adoption of the Finnish screening programme in the municipality were observed in patients with CRC not invited for screening 33 . Such an improvement in the control population would be likely to also translate to improvements in controls in non-vital outcomes and cancer stage. Therefore, the control versus screening comparisons reported here probably understate the effect of the screening programme on such outcomes.
This investigation of patients with CRC, based on a large population-based randomized health services study, found biennial guaiac FOBT screening to be associated with lower proportions of non-radical surgery, emergency surgery and postoperative chemotherapy, as well as improved TNM categories and OS, in men. Improvements were observed mainly in patients with left-sided tumours. FOBT screening did not appear to be associated with lower TNM categories or survival among 60-69-year-old women with CRC. Therefore, screening by different methods or at different intervals or ages should be considered among women. The sex discrepancy in outcomes may be due to factors related to the incidence, symptoms and location of colorectal tumours.
